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We have covered the basic atomic processes that are 
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exciting levels; a level with a small oscillator strength 
(transition rate) value may be collisionally de-excited 
before it can radiate. 



We will make some initial assumptions about our 
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This effect is often not important, and even less often checked ! 


Both CR and Coronal plasmas may be in 
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Was ist der Bremsstrahlung? 
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reference book, the computations are made “classically” and 
modified (“Gaunt” factors) to take into account quantum 
effects. 


Bremsstrahlung 

Non-relativistic: Uses the dipole approximation (fine 
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Bremsstrahlung 

Consider a distribution of electrons in a medium with ion 


<D 

> 

G 

H 

> 

4-* 

• t-H 

o 

o 

13 

> 

+-> L* 

g 

G y 

4 -> Ch 
0) 


G 

O 


2 

O" 


O o> 

rs 

G o> 

- u B 


^ o 

00 ^ 

G -C 
0-) ^ 


G 
O 

is 

o 

<D 
<d a ) 


G 

G 


cT c 
>, o 

J_> ,rH 
•Th 00 

00 CO 

G *G 

a3 S 

T3 S 



^3 


3 


x 

ctf 

a 

X) 

o 

4-> 

a, 

G 

oo 

G 


G 

X) 

'S 

G 

O 

o 

G 

O 

W) 

G 

• ^4 
t-H 

<u 

T5 

• fH 

CO 

G 

O 

o 

00 

• 

43 

> 

0) 


S G 

.9 &> 

rS u,^ 

2 « 

fH • f-H 

Gh ft-4 

a. 12 

< § 




•3 

-sST 


ri 







G 


^3 


%3 

*+** 

£ 

^3 


3 


? 


*o 


G 

G 




l 


a> 

a> 



The full QED solution is: Bremsstrahlung 






Bremsstrahlung 

Now integrate over electrons with a Maxwell-Boltzmann 



where <g ff > is the velocity average Gaunt factor 
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independently, or the equilibrium assumption can be relaxed in 
a few ways. 



Are there problems with this method? 
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emitting volume. Are they reasonable? 

If you can’t get a good fit in a particular region, 
your problem may be the model, not the data. 
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Wavelength (A) 
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Global Fitting 

Here is a parallel shock (pshock, kT=0.7 keV), observed with 
the ACTS BI: 
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the NEI model fails, pshock is needed. 



NEI vs CIE Emission 

We can compare a CIE plasma against an NEI plasma, in this 
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Ionization Balance 

In order to calculate an emission spectrum the abundance of 
each ionization state must be known. Shown here are four 
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Ions of Importance 
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Ne-like: Primarily Fe XVII; two groups of bright emission 

o o 

lines at 15A and 17A; ionization state and density 
diagnostics, although there are atomic physics problems. 



Capella observed 
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Helium-like Lines 

Why does the G ratio measure temperature and ionization state? 
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Neon-Like Lines 
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The calculated spectrum is also known as APEC, and the 
atomic database is called APED. 
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Individual line intensities as functions of T, n, etc. are not 
easily available (yet) in either XSPEC or Sherpa. 
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Conclusions 

So you think you’ve got a collisional plasma: what do you do? 


CO 

£ 

o 


CO 


« d 
o 

C/3 

G 

Id H 
G 
G 


<d 

C/3 

cd 

X) 

i 

a> 

G 


cd 
"cd 

4-> 

cd 
T3 

X) 
G 
cd 

o .a 
s 3 

cd O 

3 « 

> 43 
* O 

a ^ 


cd 

cd 

4-> 

cd 

33 

G 

O 


C/3 

in 

o 

£ 

<D 

D-i 

O 

3 

is 

G 

O 

o 


c 

C/3 

CD 

V-i 

W> ft 

• i— i <D 

43 43 

3 ^ 

• 4— > 


u 

D 

X> 

S 

<d 


a> 

Ui 

a) 

> 

cd 

43 

G 

O 

>■> 

+-> 

cd 

43 


cd 

C/3 


d 

C/3 

o 


S-H 

Q 

U 

U 


C/3 

d 

o 

d 


C/3 


O 

d 

M 

d 

+-> 

4-4 

o 

bO 

C /3 

CN 

4-4 1 

C /3 


3 

* i-H 

t*> 

• — H 

> 

D 

X) 


oo 

<D 

G 


c /3 

D 

G 


03 

cd 


G 

CD 


— < 

O 

• i-H 

4-> 

o 

Q 


4-4 

C /3 

<D 

• r— H 

rj 

C /3 

• • 

3 J 3 

i— « 

o 

g 

O 

Vh 

4 - 4 ) 

43 

G 

O 

4 : 

”0 

o 

+-> 

4—i 

C /3 

G 

<D 

T 3 

<D 

43 

C /3 

Cd 

C /3 

< 

c 

• t-H 

d 

o 

o 

s 

G 

• r-H 

+— > 

3 ? 

3 

£ 


CD 

o 

+-> 

CO 

03 

X 


<D 

<D 



CD 


C/3 

CO . . ±j 

5 >> ^ 

tcO "d 

§ s 

±3 « 

C/3 


<D 

G 


C/3 

4 

O 

S-i 

i-i 

(D 


<D ^ 

£ O 


.d co 

> g 

> <D 

d$ H 

Q ^ 

<D 
> 
g 

... C 3 ,, G 


D 

43 

”0 


O 

U 


C/3 

O 

d 3 

O 

O 

G 


* 

3 $3 

S n 

”1 X 

£ ^ 

8 o 

e cl 

<D ^ 

g &£ 

•i.S 
£ g 

~= C 3 

S Cb 

° 4— > 

O C/3 

• "■"* 1 i 

4~J *"*< 

cs fl> 

£ G 

a c 

GO F— * 

C/3 


>> 00 

(D cd 

5 3 h 


CD 

> 

G 

43 

cd 

4 — > 

G 

"O 

0) 


C/3 

* i-H 

"cS 

o 

do 

o> 

-X 


X) CD T3 


% 


r 



remsstrahlung 


4 - 

o 

E 

x 

o 

5L_ 

CL 

CL 


A 

M- 

H- 

cn 

V 

£_ 

o 


& 

a 


u 

4- 13 

E 

a L_ 
c o 
a m- 


E 

a 

£ 


> 

o 


art 

r A 

o 

oo 

h- 

Lj 

QJ 

+~ 

Z 

*3 

U 

00 

SC 

£ 

o 

On 

^ — J 

o 

L. 

O 

L_ 

& 

SC 

Id 

U 


c_ 

>- 

N ✓ 

o 

QL 

C\1 

"a 

JC 

£ 

iri 


h- 

o 

CTj 


13 

1— 


S— 

SC 

LL. 

i L 

o 

a 





